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ŀAir Pressure and Airflow Differences between Esophageal and Tracheoesophageal Speech of Cantonese Manwa L. Ng University of Hong Kong manwa@hku.hkAbstract The present study attempted to investigate the aerodynamic differences between esophageal (SE) and tracheoesophageal (TE) speech of Cantonese. Airflow data was obtained from sustained vowels, and pressure below the pharyngoesophageal (PE) segment was estimated from /iphiphi/ syllables produced by the alaryngeal speakers. Results indicated that SE speech was associated with a lower rate of airflow and a higher pressure below the PE segment than TE speech. Based on the pressure-flow relationship, it is inferred that the estimated neoglottal resistance is greater in SE speakers than in TE speakers. It is speculated that such difference in neoglottal resistance may be related to the use of different air reservoir mechanism between SE and TE speakers. 1. Introduction As a surgical procedure for late stage laryngeal cancer, total laryngectomy involves the removal of the entire larynx. Due to the loss of vocal apparatus during the procedure, laryngectomized patients learn to regain phonation by adopting an alternative voicing method. Among the different 
types of alaryngeal phonation, standard esophageal (SE) and 
tracheoesophageal (TE) speech do not involve the use of an 
external device for sound generation. SE and TE speakers 
phonate by vibrating the pharyngoesophageal (PE) segment. 
The PE segment is composed of the inferior pharyngeal 
constrictor muscle, the cricopharyngeus muscle, and the upper 
portion of the esophageal sphincter [1]. The structural 
differences between the PE segment and the vocal folds are 
believed to contribute to the significant perceptual and 
acoustical differences between SE/TE and normal laryngeal 
(NL) phonation [cf. 2-13]. 
Although PE segment is used as the new voicing source 
(neoglottis) in both SE and TE phonation, significant 
differences in intelligibility, frequencies, duration and 
intensity have been reported [cf. 2,9-14]. The differences 
between SE and TE phonation may be related to the way air is 
stored. In SE phonation, the upper part of the esophagus is 
used as a new air reservoir, which can retain up to only 80 c.c. 
of air [15]. However, during TE phonation, air from the lungs 
enters the esophagus through the tracheoesophageal fistula 
created between the trachea and the esophagus just inferior to 
the PE segment [16,17]. The average lung capacity of an adult 
male is around 3,000 c.c. [18]. The significant difference in air 
reservoir may explain the differences between SE and TE 
phonation. 
A large number of studies have reported the perceptual, 
acoustic, temporal, and vocal intensity characteristics of SE 
and TE speech [2-15,17,19,20]. Yet, relatively few studies 
reported the aerodynamic characteristics of SE and TE 
phonation. In studying six superior male SE speakers, 
Snidecor and Isshiki [21,22] found a lower mean rate of 
airflow when sustaining the vowel /i/ and reading passage 
associated with SE when compared to NL phonation. They 
reported a mean flow rate of 59.67 c.c./s for SE speech, as 
compared to 219 c.c./s for NL speakers in reading the first 
paragraph of the Rainbow passage. They attributed the lower 
mean flow rate in SE speech to the use of upper esophagus as 
air reservoir, and the PE segment as the new sound source (the 
neoglottis). In studying Italian TE speech, Motta, Galli, and Di 
Rienzo [23] found that greater airflow rate and volume were 
associated with better speech performance. Schutte and 
Nieboer [24] compared the airflow and sub-neoglottal 
(subpseudoglottic) pressure characteristics associated with SE 
and TE speech, and they found a higher sub-neoglottal 
pressure and greater airflow through the neoglottis in TE 
speech. However, in the study, sub-neoglottal pressure was 
obtained directly by using a pressure sensor inserted in the 
upper esophagus of alaryngeal speakers, which was invasive 
and might interfere with air intake especially for SE speakers. 
Despite the handful aerodynamic studies of SE and TE 
phonation, specific and accurate information including 
neoglottal impedance and sub-neoglottal pressure during 
phonation is not available. There is a paucity of information 
regarding the aerodynamic differences between SE and TE 
phonation. In addition, information concerning the effect of air 
reservoir on the aerodynamic characteristics of neoglottal 
vibration is lacking. The present study served as an extension 
of the studies reported by Snidecor and Isshiki [22], Motta et 
al. [23], and Schutte and Nieboer [24]. The aerodynamic 
differences between SE and TE speakers of Cantonese were 
investigated. Mean rate of airflow during vowel prolongation 
was measured and the pressure below the PE segment (sub-
neoglottal pressure) was estimated. Results were compared 
between SE and TE speakers. Based on the airflow and air 
pressure measurements, effects of air reservoir mechanism on 
neoglottal resistance in SE and TE phonation were discussed. 
2. Methods 
2.1. Speakers 
Ten SE and twelve TE Cantonese male speakers participated 
in the present study. Fifteen SE and TE speakers were initially 
recruited for the experiment. Five SE speakers and three TE 
speakers did not complete the speech tasks and were therefore 
excluded from the study. The alaryngeal participants were 
superior speakers carefully selected from the New Voice Club 
of Hong Kong by practicing speech therapists. The alaryngeal 
speakers were all physically healthy, with ages between 55-73 
years who had no reported history of speech, language, and/or 
hearing problems, except that associated with laryngectomy. 
While all TE speakers were Provox-valve users, all SE 
speakers were reportedly using injection as their main method 
of air intake. 
2.2. Speech Tasks 
The speech tasks used included vowel prolongation and 
/iphiphi/ syllable production. The participants were instructed 
to sustain the vowels /i/, /a/, /ɔ /, and /u/ five times for as long 
as they could. The order in which the vowels were produced 
was randomized for each speaker before the recordings took 
place. To estimate the pressure below the PE segment during 
speech production, the speakers were asked to produce the 
syllable /iphiphi/ five times. All speech samples were produced 
at a comfortable level of loudness. 
2.3. Recording Procedure 
In order to familiarize themselves with the speech tasks and 
the recording environment, the speakers were instructed to 
practice the speech tasks several times prior to the actual 
recording. A brief instruction of the recording procedure was 
given to each speaker before the recording. During the 
recording of aerodynamic signals, a facemask was held against 
the speaker’s face to ensure a tight coupling between the face 
and the mask and to prevent a leak of DC airflow. A catheter 
was inserted into speaker’s oral cavity via the corner of the 
mouth. It was used to measure the intraoral pressure during 
/iphiphi/ syllable production. The speakers were instructed not 
to bite the catheter during the experiment. Throughout the 
recording, the catheter was frequently checked for blockage by 
speaker’s saliva. The airflow and air pressure signals were 
transduced and stored in computer for analyses. 
2.4. Instrumentation and Measurements 
Aerodynamic measurements were obtained by using an 
airflow and air pressure transduction system (MS-110, Glottal 
Enterprises) via an undivided facemask. The mask was used to 
cover both the face and the nose of the speaker, but not the 
tracheostoma. Before each recording, the system was carefully 
calibrated according to the user’s manual. Mean peak rate of 
airflow in vowel prolongation was measured from the 
sustained vowels. In order to calculate the mean rate of airflow 
for each vowel, the maximum point on the airflow signal 
contour for each vowel was selected and the corresponding 
flow value was recorded. The recorded values were averaged 
for the three productions of each vowel. 
Similar to estimating subglottal pressure in laryngeal 
speakers, the pressure below the PE segment for SE and TE 
speech was estimated from /iphiphi/ production by averaging 
the peak intraoral pressure values measured at the two /ph/ 
phonemes. The technique of estimating subglottal pressure by 
means of intraoral pressure during the closure period of 
voiceless stops was proposed and discussed by Rothenberg 
[25], Smitheran and Hixon [26,27], and later validated by 
Lofqvist, Carlborg, and Kitzing [28]. The same technique was 
used in the present study to estimate the sub-neoglottal 
pressure in SE and TE speakers. Intraoral pressure values were 
measured during the closure period of the first and second 
stops of the /iphiphi/ syllable. The pressure measurement 
directly indicates the power of the air supply to the phonatory 
mechanism. The stronger is the air supply, the higher are the 
pressure values. 
3. Results 
3.1. Mean rate of airflow in vowel utterance 
Table 1 shows the average airflow rate associated with 
different vowels produced by SE and TE speakers of 
Cantonese. It is apparent that TE speakers produced the 
Cantonese vowels with higher airflow rate than SE speakers 
for all four Cantonese vowels (see Figure 1). To assess the 
effects of vowel and phonation type on airflow rate, a mixed-
design multi-factorial analysis was carried out using phonation 
type as the between-subjects variable and vowel as the within-
subjects variable. Results of the two-way repeated-measure 
Analysis of Variance (ANOVA) revealed no significant 
interaction between phonation type and vowel, and no 
significant main effect for vowel. However, a significant main 
effect was found for phonation type; SE speech was associated 
with significantly lower airflow rate than TE speech [F(1, 20) 
= 69.558, p = 0.000 < 0.001]. 
 
Table 1. Mean airflow rate (mL/s) for esophageal (SE) and 
tracheoesophageal (TE) speakers in vowel prolongation. 
 
Average peak airflow rate (mL/s) 
  Vowels 
 Speakers 
/i/ /a/ /ɔ/ /u/ 
1 53.4 75.4 84.0 62.2 
2 67.0 44.4 76.4 45.4 
3 72.0 69.0 123.4 112.0 
4 38.6 154.0 52.8 109.6 
5 76.6 66.0 37.2 69.8 
6 50.6 75.8 54.8 47.2 
7 74.2 65.2 92.0 79.4 
8 60.6 67.8 137.4 57.8 
9 56.6 60.8 71.8 64.0 
10 71.4 58.0 110.6 70.0 
SE 
Mean 62.1 81.5 84.0 71.7 
      
1 137.6 117.6 138.4 155.0 
2 87.0 150.0 130.0 60.6 
3 113.0 102.8 320.2 150.8 
4 107.0 110.0 123.0 140.0 
5 197.4 189.4 219.6 127.8 
6 156.0 143.4 139.8 122.8 
7 107.4 173.4 138.8 125.6 
8 100.6 319.6 143.8 114.8 
9 132.4 123.8 210.0 131.0 
10 133.4 114.6 140.2 125.2 
11 126.0 151.2 139.0 330.0 
12 112.4 220.2 121.8 134.6 
TE 
Mean 127.9 134.7 138.7 135.3 
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Figure 1. Mean peak airflow rate associated with Cantonese 
vowels produced by esophageal (SE) and tracheoesophageal 
(TE) speakers. 
3.2. Estimated Pressure below the PE segment 
Sub-neoglottal pressure was interpolated from the intraoral 
pressure measurement during the closure period of the first 
and second stops in the /iphiphi/ syllable, and results are 
shown in Table 2. Results of a Mann-Whitney U test 
indicated that SE speakers exhibited significantly greater 
estimated sub-PE segment pressure than did TE speakers (U = 
15.5, p = 0.003 < 0.01). This indicates that, despite the use of 
upper esophagus as a new air reservoir, SE speakers are still 
able to maintain a sufficiently high pressure underneath the 
PE segment for phonation. 
 
Table 2. Average estimated sub-neoglottal pressure (cmH2O) 
for esophageal (SE) and tracheoesophageal (TE) speakers. 
 
 Speakers 
 1 2 3 4 5 6  
SE 10.56 27.90 25.84 25.44 31.00 25.46  
TE 17.26 24.28 23.30 23.18 21.82 22.06  
 7 8 9 10 11 12 mean 
SE 24.60 29.40 27.06 24.00 -- -- 25.13 
TE 24.00 22.82 24.80 22.44 22.20 23.14 22.61 
 
4. Discussion 
The present study examined the aerodynamic characteristics 
associated with SE and TE speech of Cantonese. Airflow rate 
was measured from sustained vowels, and oral pressure was 
obtained from /iphiphi/ syllable production, based on which 
neoglottal resistance was inferred. The average airflow rates 
found for Cantonese SE speakers in vowel prolongation were 
higher than that reported by Snidecor and Isshiki [22], where 
English-speaking SE speakers exhibited a mean rate of 
airflow of 59.67 mL/s with a range of 25 to 97 mL/s in 
reading the first paragraph of the Rainbow passage. Such 
discrepancy in airflow rate may be related to the language 
difference and/or the use of different speech materials. The 
use of sustained vowels in the present study might help yield 
a slightly higher average airflow rate than passage reading 
due to the presence of consonantal sounds. 
Despite the use of steady state vowels, both the airflow 
rates associated with SE and TE speakers were highly 
variable (as shown by the error bars in Figure 1). This 
indicates that, even with superior SE and TE speakers, sound 
production was still unsteady and exhibited high perturbation. 
This may be related to the lack of good control of the 
neoglottal vibration system. In addition, although the present 
data showed that airflow rate across different vowels was not 
significantly different, the high vowels /i/ and /u/ appeared to 
be associated with slightly lower average peak airflow than 
the low vowels /ɔ / and /a/ (see Figure 1). This may be 
related to the intrinsic pitch of vowels in laryngeal phonation 
[cf. 29,30], according to which high vowels are associated 
with higher pitch and greater laryngeal tension possibly due to 
anterior tongue pull [cf. 31,32]. Based on this, the reduced 
airflow rate may imply a greater PE segment tension during 
production of high vowels by SE and TE speakers. 
Airflow rate and air pressure data obtained from SE and 
TE speakers in the present investigation showed interesting 
differences. Airflow data from vowel prolongation indicated 
that, although both speaker groups were using the PE segment 
as the neoglottis, SE speakers produced lower airflow rate 
than TE speakers, regardless of the vowel being produced (see 
Table 1 and Figure 1). Yet, SE speakers showed significantly 
greater pressure below the PE segment than TE speakers (see 
Table 2). This finding of greater sub-neoglottal pressure in SE 
speakers contradicts with the results reported by Schutte and 
Nieboer [24]. This discrepancy in airflow rate may be related 
to the use of invasive intra-esophageal pressure measurement 
technique in their study. The placement of a distal sensor as 
used by Schutte and Nieboer in the esophagus may inevitably 
affect the pressure measurement. In addition, this may likely 
affect the way the SE speakers intake air. 
In the present study, undivided mask was used to collect 
the air escaped through the nostril and the mouth opening; 
thus the airflow measurement directly reflected the airflow 
through the neoglottis, known as the trans-neoglottal airflow 
rate. In laryngeal phonation, transglottal airflow is directly 
proportional to transglottal pressure differential, and the 
proportionality constant is referred to as the glottal resistance. 
It has been shown that glottal resistance can be a good 
indicator of the adductory behavior of the vocal folds [18]. It 
is directly related to the tension of glottal closure. Similarly, 
the pressure differential and airflow associated with SE and 
TE speech can be expressed as: 
 
ngngng ZQP ×=∆
 (1) 
where ∆Png is trans-neoglottal pressure differential, Qng is 
trans-neoglottal airflow rate, and Zng is the neoglottal 
resistance. The equation indicates that neoglottal resistance 
provided by the vibrating PE segment during SE and TE 
phonation is given by the ratio of the trans-neoglottal pressure 
differential (or simply the sub-neoglottal pressure) and the air 
flowing through the neoglottis. Our data show that SE 
speakers of Cantonese exhibited a lower trans-neoglottal 
airflow rate and a greater sub-neoglottal pressure than TE 
speakers. Following the above equation, SE speakers had a 
higher trans-neoglottal resistance, and thus a tenser neoglottis, 
than TE speakers. 
In TE phonation, pulmonary air is used to set the PE 
segment into vibration. The expulsion of air from the lungs is 
activated and controlled by inhalatory and exhalatory muscles, 
in a way similar to laryngeal phonation [5,18]. According to 
the anatomy of respiratory system, these muscles are 
independent of those constituting the neoglottis. Control of air 
expulsion appears to be totally separated from the control of 
the neoglottal tension. However, in the case of SE phonation, 
air is stored in the upper part of the esophagus which also 
makes up part of the neoglottis. Upon phonation, air is 
expelled by increasing the pressure inside the upper 
esophagus. This is done by tensing the upper esophagus, 
which inevitably tenses the constriction of PE segment. It 
follows that the neoglottal resistance in SE speakers may be 
higher than that of TE speakers. The use of upper esophagus 
as the air reservoir in SE speakers may explain why the trans-
neoglottal airflow in SE speakers is lower than that in TE 
speakers. Apparently, such discussion is conjectural and 
solely based on the aerodynamic data obtained. More direct 
information such as imaging and physiological data (e.g. 
EMG) of the neoglottis is needed in order to better understand 
the PE segment vibratory behavior in both SE and TE 
phonation 
5. Conclusions 
The present study investigated the airflow and air pressure 
differences between SE and TE speech. Data on mean airflow 
rate in vowel prolongation and estimated sub-neoglottal 
pressure indicated that SE speakers exhibited a lower rate of 
airflow and a higher pressure below the PE segment than did 
TE speakers. Based on this finding, it can be inferred that the 
neoglottal resistance is greater in SE speakers than in TE 
speakers. The greater neoglottal resistance in SE speakers 
appears to be due to the use of the same muscle group 
controlling both the air reservoir and the PE segment, while 
the PE segment and the air reservoir in TE phonation are 
controlled by two separate groups of musculature. 
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